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Abstract 
SiC filaments were widely used as reinforcements in metal-matrix and ceramic-matrix composites. C-core SiC 
filaments were prepared by CVD process using DC electrically heating for the first time in domestic. The effects of 
reaction temperature on the morphologies, deposition rate, microstructure, grain size and composition for the C-core 
SiC filaments coating prepared by CVD process in CH3SiHCl2-H2-Ar system, were explored by means of SEM, XRD, 
Raman, and AES. The experimental results show that with increasing reaction temperature the deposition rate 
increases rapidly in an exponential manner, surface kinetic processes become stronger, and Si/C atomic ratio 
decreases. At low temperatures, Si phase co-deposites with SiC, inhibiting the grain growth, while at high 
temperatures, the grain growth results in rough surface, and the stress changed from tensile to compressive. 
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1.  Introduction 
Future aerospace applications will require materials with ever increasing temperature and load-bearing 
capabilities for improved performance under extreme conditions. Continuous filament-reinforced metal–
matrix composites (MMCs) may have the potential for meeting these requirements. Specifically, 
titanium-alloy composites with continuous SiC reinforcing filaments have been of particular interest as 
structural materials. With a number of desirable attributes such as retention of a high level of specific 
strength and specific stiffness at elevated operating temperatures, these composites may be able to replace 
some of the current state-of-the art structural materials[1]. 
Because of their high specific strength and stiffness, silicon carbide (SiC) monofilaments prepared by 
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chemical vapor deposition (CVD) are excellent candidates for the reinforcement of metal matrix 
composites. For instance, the introduction of a SiC/Ti composite structure within the titanium bladed ring 
of an aircraft engine is expected to result in a 55% weight-saving[2]. The SiC monofilaments are prepared 
by CVD in a cold-wall reactor, on a monofilament substrate electrically heated to 1000–1500℃. The 
main precursors are dichloromethylsilane (DCMS) and hydrogen. Recently, two companies (Textron 
Speciality Materials, USA and DERA, UK) have accomplished much work to develop monofilaments 
with improved mechanical properties and thermal stability[3]. C-core that is the important raw materials 
for preparing C-core SiC filaments has just been developed. The study of C-core SiC filaments has an 
important significance for the development of the SiC/Ti composite. 
The influence of reaction temperature on the deposition rate, grain size, microstructure, morphologies, 
and Si/C atomic ratio of CVD SiC filaments was studied. 
2. Experimental 
2.1. Materials 
The average diameter of the C-core (Institute of Coal Chemistry, Chinese Academy of Sciences), is 
about 30μm. Dichloromethylsilane (DCMS) (meilan Co., taizhou, jiangsu), hydrogen (99.9999%) and 
argon (99.9999%) (jinggao CO., beijing) were used as the main precursors.  
2.2. Experimental principle 
The preparation of SiC filaments by Chemical Vapor Deposition (CVD) is a complex processing. The 
CVD process involves the following key steps: ① Generation of active gaseous reactant species; ② 
Transport of the gaseous species into the reaction chamber; ③ The deposits will diffuse along the heated 
C-core surface forming the film; ④ The unreacted gaseous precursors and by-products will be transported 
away from the deposition chamber. 
DCMS was used as reactant precursor because it contains silicon and carbon in stoichiometric 
proportions. Argon was used as dilute gas. With DCMS the basic reaction is expressed as: 
CH3SiHCl2→SiC+HCl+H2 
2.3. Experimental processing 
The coating were carried out in a cold-wall reactor consisting of a glass tube (L=1000mm, Φ =18mm) 
connected to gas inlet/outlet ports, as shown in Fig.1. During the production, a carbon filament substrate 
is drawn continuously through a reactor via mercury seals which act as gas seals, as well as the contact 
electrodes to heat up the filament resistively. 
 
Fig.1. Process flow drawing of DC electrically heating 
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2.4.  Characterization 
The Reaction Temperature was measured by thermodetector (Raytek); The morphologies of SiC 
filament was observed by scanning electron microscopy (SEM, HITACHI S-3500N, USA) ; The crystal 
structure was analyzed by X-Ray diffraction (XRD, D8 advance, bruker, German); The grain size and the 
residual stresses was measured using Microscopic Confocal Raman Spectrometer (Raman, 
RM2000,Renishaw,British); Auger electron spectrometer (AES,ULVAC-PHI700,ULVAC,Japan) was 
carried out on the cross-sections of CVD-coating to evaluate the Si/C atomic ratio. 
3. Results and discussion 
3.1. The Influence of Reaction Temperature on the deposition rate of CVD SiC filaments 
The substrate is resistively heated to a deposition temperature of 800～1400℃, DCMS and hydrogen 
were used as the main precursors. A typical plot of deposition rate as a function of temperature complies 
with the Arrhenius law: 
Deposition rate V=K0exp（-ΔEa/RT）                               (1) 
where K0 is the pre-exponential factor, Ea the apparent activation energy, R the gas constant and T the 
deposition temperature. 
The activation energy (Ea) and the pre-exponential factor (k0) of the deposition rate for the different 
conditions and kinetic regimes are shown in table 1.  
Table1 The activation energies and pre-exponential factors for CVD 
 T<1150(℃) T>1150(℃) 
ΔEa(KJmol-1) 205 25 
K0(μms-1) 5*107 13 
 
According to Eq. (1), the Arrhenius plot of deposition rate versus temperature is shown in Fig.2. 
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Fig.2. Deposition rate versus reaction temperature for CVD 
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From Fig.2, it is shown that two different deposition mechanisms are operating within the range of 
deposition temperature 800～1400℃. As the temperature increases from 800 to 1150℃, the deposition 
rate increases rapidly in an exponential manner. This indicates that the rate-limiting mechanism is surface 
chemical kinetics, i.e. chemisorption, and/or chemical reaction, surface migration, desorption. These 
surface processes strongly depend on the deposition temperature.  
At higher temperatures, above 1150℃, the surface kinetic processes become so rapid such that the 
deposition is limited by the diffusion of the active gaseous species through a boundary layer to the 
deposition surface. It is therefore mass transport limited, and the deposition rate depends weakly on 
temperature. This behavior seems to illustrate a classic transition in growth behavior from ‘interface 
control’ at low temperatures to ‘transport control’ at high temperatures.  
3.2. The Influence of Reaction Temperature on the morphologies of CVD SiC filaments 
The morphologies of SiC filament prepared at different temperature are shown in Fig.3. 
 
 
             A：1050℃                                                B：1150℃                                                      C：1300℃ 
Fig.3. The morphologies of SiC filaments prepared at different temperature 
At low temperatures, the grain size is small, partial grain are growing abnormality because of 
incomplete pyrolysis. The diameter of SiC filament is too thin to apply. At higher temperatures, the grain 
growth results in rough surface, and abnormal grains growth also takes place due to increasingly 
pyrolysising and mass transport limiting. 
3.3. The Influence of Reaction Temperature on the microstructure of CVD SiC filaments 
XRD patterns of SiC filaments prepared at different temperature are shown in Fig.4. 
XRD traces revealed sharpening of the diffraction peaks with increasing temperature. At low 
temperatures, film exhibits poor crystallinity because of presence of non-crystal phase. At higher 
temperatures, the XRD patterns from the films can be indexed toβ -SiC phase. The sharpening of 
diffraction peaks suggests lattice strains or grain coarsening. 
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               A：1050℃                                                B：1150℃                                                 C：1300℃ 
Fig .4. XRD patterns of SiC filaments prepared at different temperature 
3.4. The Influence of Reaction Temperature on the grain size of CVD SiC filaments 
Raman patterns of SiC filaments prepared at different temperature are shown in Fig.5. 
 
 
Fig.5. Raman spectrum of SiC filaments prepared at different temperature 
Weak bands at 650～1000cm-1 are observed for T=1050℃, a narrow and intense peak is observed for 
T=1300, corresponding to the optical modes for SiC (SiC-TO and SiC-LO at 790 and 945cm-
1,respectively). The SiC peak intensities decrease and their width increases for lower temperatures, 
suggesting that a decrease of the grain size and imperfect of the crystal structure occur when the 
deposition temperature decreases (Fig.5). The result of Raman spectrum agrees well with the conclusion 
of SEM and XRD. 
A very narrow and intense peak at 520cm-1 is observed for low temperatures (e.g. T=1050℃), which is 
assigned to transverse optical mode for crystalline silicon (SiC-TO, Fig.5). The intensity of the Si-TO 
peak gradually decreases as T increases. A large band at approximately 400–550 cm-1, is characteristic of 
amorphous silicon for T=1150℃. The Si-TO peak is no more observed for T=1300℃, forming of free C 
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at approximately 1000～1600cm-1. The free Si phase, which is co-deposited at the SiC grain boundary, is 
thought to inhibit the crystal growth during deposition. 
The residual stresses lead to the shift of the TO. The observed shift of Si-TO peak could be attributed 
to stress. The compression stress occurs when the peak value is greater than 790cm-1. The tension stress 
occurs when the peak value is less than 790cm-1. The stress σ for the TO phonon can be expressed as: 
Δ ω TO (cm-1)=-3.27σ(GPa)                                  (2) 
WhereΔ ω TO =ω TO-ω 0TO, ω 0TO =790 cm-1, ω TO the peak value of SiC-TO, σ the stress. 
According to Eq.(2), the stress at different temperature can be shown as follows: 
|σ 1150|<|σ 1050|<|σ 1300| 
The stress changed from tensile to compressive, as the deposition temperature increases. 
3.5.  The Influence of Reaction Temperature on the Si/C atomic ratio of CVD SiC filaments 
The Si/C atomic ratio was determined by AES whose data along the cross section of the CVD-SiC 
filament. The Si/C atomic ratio is plotted vs. the deposition temperatures in Fig.6.  
 
 
                The cross section of SiC filament                                                       The Si/C atomic ratio of SiC filament 
Fig6 The Si/C ratio of SiC filaments prepared at different temperature 
From Fig.6, it can be seen that Si/C atomic ratio of CVD SiC filaments is higher than 1[Si/C(at.)=1.3～
1.5] at low temperature (1050℃), suggesting the occurrence of free Si. Si/C atomic ratio is close to or 
slightly lower than 1[Si/C(at.)=0.86～1.21] at high temperature (1300℃), suggesting the occurrence of 
free C. At CVD processing, the temperature near C-core is higher than that near the fiber surface because 
the diameter changed. The experimental results show that Si+SiC could be deposited at low temperature, 
and C +SiC could be deposited at high temperature, which is consistent with the conclusion of Raman 
spectrum. 
4. Conclusions 
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As the temperature increases from 800 to 1150℃ , the deposition rate increases rapidly in an 
exponential manner. These surface processes strongly depend on the deposition temperature. At higher 
temperatures, above 1150℃, the deposition is limited by the diffusion of the active gaseous species 
through a boundary layer to the deposition surface.  
At low temperatures, the grain size is small, partial crystal grains are growing abnormality because of 
incomplete pyrolysis, and poor crystallinity is present because of presence of polycrystal and non-crystal 
phase. The SiC peak intensities are low and their widths are large. Si+SiC phases could be deposited. The 
free Si phase, which co-deposited at the SiC grain boundary, is thought to inhibit the crystal growth 
during deposition. At higher temperatures, the grain growth results in rough surface, and crystal grain are 
also growing abnormality because of increasingly pyrolysising and mass transport limiting. The 
sharpening of diffraction peaks suggests lattice strains or grain coarsening, the crystal structure of the 
filament remains β -SiC. C+SiC could be deposited. The stress changed from tensile to compressive, 
when the deposition temperature increases. 
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